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ABSTRACT 
 
 
 
 
 The recent issue of peak oil and environmental concerns has prompted deeper 
research into the area of alternative fuels, particularly biofuel. Two types of 
feedstock for biodiesel production was researched in this project, namely waste 
cooking oil (WCO) and Refined-Bleached-Deodorized (RBD) palm oil. The 
performance of the alkaline catalyst potassium hydroxide was investigated towards 
the methyl ester purity of the product produced using ultrasonic transesterification. 
The methanol oil molar ratio used in this research was 6:1. The best conditions for 
biodiesel production were determined in terms of reaction time and catalyst 
concentration. The range of catalyst concentration and reaction time studied were 
0.75 to 1.75 weight percent and 20 to 50 minutes respectively. Catalyst concentration 
and reaction time played a significant role in the purity of the product produced. The 
results show that the best catalyst concentration to produce methyl ester of high 
purity is at 1.75 weight percent, while the best reaction time necessary is 50 minutes. 
The resulting conditions were then used to synthesize the final product that was then 
subjected to a combustion test to determine the quantity of carbon monoxide and 
carbon dioxide emitted. WCO biodiesel was found to have 19.1% lower carbon 
monoxide emissions than RBD palm oil biodiesel. In terms of the amount of carbon 
dioxide released, WCO biodiesel had emissions higher than that of RBD palm oil 
biodiesel by 2.3%. In conclusion, WCO biodiesel was found to be more 
environmentally friendly compared to RBD palm oil biodiesel upon combustion. 
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ABSTRAK 
 
 
 
 
 Disebabkan oleh isu sumber bahan api fosil yang semakin kurang, kajian 
saintifik terhadap bahan api alternatif sedang giat dijalankan. Projek penyelidikan ini 
adalah berkaitan dengan bahan mentah yang digunakan untuk menghasilkan 
biodiesel, iaitu minyak masak yang terguna (WCO) dan minyak kelapa sawit yang 
ditapis, diluntur, dan dinyahbau (minyak kelapa sawit RBD). Keberkesanan 
pengunaan mangkin kalium hidroksida terhadap darjah pertukaran bahan mentah 
kepada produk (ketulenan produk) dikaji menggunakan transesterifikasi ultrasonik. 
Nisbah molar metanol terhadap minyak yang digunakan dalam kajian ini ialah 6:1. 
Keadaan tindakbalas kimia yang terbaik untuk menghasilkan biodiesel yang bermutu 
tinggi ditentukan melalui kajian terhadap keadaan suhu dan masatindalbalas 
transesterifikasi. Julat kelarutan mangkin kalium hidroksia yang dikaji adalah dari 
0.75 hingga 1.75 wt % manakala julat tempoh masa tindakbalas adalah dari 20 
hingga 50 minit. Kelarutan mangkin dan tempoh masa tindakbalas didapati 
memainkan peranan yang penting dalam memastikan ketulenan produk yang 
dihasilkan. Keputusan penyelidikan menunjukkan bahawa kelarutan mangkin yang 
terbaik adalah 1.75 wt % dan 50 minit adalah tempoh masa tindakbalas yang terbaik. 
Keadaan kelarutan mangkin dan tempoh masa tindakbalas yang terbaik ini digunakan 
untuk menghasilkan produk terakhir yang kemudian menjalani ujian pembakaran 
untuk supaya kuantiti karbon diosida dan karbon monoksida yang dibebaskan oleh 
sampel apabila dibakar dapat diketahui. Biodiesel WCO didapati membebaskan 
karbon monoksida dengan jumlah 19.1 % kurang daripada biodiesel minyak kelapa 
sawit RBD. Biodiesel WCO didapati membebaskan 2.3% lebih banyak karbon 
monoksida daripada biodiesel minyak kelapa sawit RBD. Kesimpulannya, biodiesel 
WCO menghasilkan pencemaran alam sekitar yang kurang berbanding dengan 
biodiesel minyak kelapa sawit RBD. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1       Background 
 
 
The energy source, fossil fuel, upon which we have come to rely on so 
heavily, is in higher demand than ever before that more energy is needed to fulfill 
this demand. Fossil fuel alone seems to be insufficient to cater to the needs of the 
global community. In light of this, it is in the world’s best interest to devote a 
substantial amount of resources towards alternative forms of energy. Biofuel, as 
biodiesel in this context, is at the forefront of these alternatives due to its ability to 
fuel conventional diesel engines with minimum or no modifications, as well as form 
blends with fossil diesel. 
 
 
Biodiesel is defined as fatty acid methyl esters prepared from any kind of 
feedstock including vegetable oils, animal fats, single cell oils, and waste material. 
Fatty acid ethyl esters can also be defined as and used to produce biodiesel. 
However, due to the relatively high price of ethanol compared to methanol, the use of 
ethyl esters has not been established to a level on par with methyl esters. The 
preparation of fatty acid methyl esters can be achieved by a process called 
transesterification, which is the exchange of alcohol or acid moiety of an ester. 
Alcoholysis is the transesterification of an ester with an alcohol, whereby 
methanolysis is the term used in the case of methanol.  
 
 
All feedstocks that contain fatty acids or glycerol can be used for biodiesel 
production including waste cooking oil. In European countries, rapeseed oil is used 
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due to its widespread availability. Soybean oil is used in the Unites States of 
America, while palm oil is used widely in tropical regions such as Malaysia. The use 
of methyl esters as fuel requires a low proportion of saturated fatty acids in order to 
make the fuel function at low temperatures. In colder climates, rapeseed oil and olive 
oil have proven to be one of the best options. The usage of palm oil is ideal in 
Malaysia due its abundant availability as well as its suitability in warm climates.  
Palm oil can also be used as blends with other types of oil. The type of feedstock 
chosen is also influenced by national and international specifications of biodiesel that 
need to be fulfilled.     
 
 
Among the many benefits of biodiesel is that there is no net output of carbon 
in the form of carbon dioxide (CO2). This is due to the fact that the same amount of 
carbon dioxide is absorbed during the growth period of oil crops as is emitted by fuel 
combustion. One ton of fossil fuel combusted releases 3 tons of carbon dioxide into 
the atmosphere while biodiesel only releases the that which it has taken in while the 
plants it is made from were growing. Therefore, there is no negative impact on the 
carbon cycle. 
 
 
Biodiesel has many favourable emissions characteristics in comparison to 
conventional fossil diesel. It is known to have 100% reduction of net carbon dioxide, 
100% reduction of sulphur dioxide, 40-60% reduction of soot emissions and 10-50% 
reduction of carbon monoxide. Biodiesel also exhibits a reduction of all polycyclic 
aromatic hydrocarbons (PAHs) and specifically the reduction of carcinogenic PAHs 
such as phenanthren by 97%, benxofloroanthen by 56%, benz-a-pyrene by 71%, 
aldehydes and aromatic compounds by 13% asl well as 5-10% reduction of nitrous 
oxide depending on the age and tuning of the vehicle concerned. 
 
 
Biodiesel is completely non-toxic and rapidly biodegradable. Biodiesel is 
biodegradable and non-toxic. B-100, which represents 100% biodiesel, is as 
biodegradable as sugar and less toxic than conventional table salt. The rate of 
biodegradation of biodiesel is up-to four times higher than that of fossil diesel fuel. It 
has up to 98% biodegradation in three weeks. It also stores without letting up in 
completely full, cool, dark containers Therefore, spillages of biodiesel present a 
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significantly lower risk compared to fossil diesel. Since biodiesel has a flash point 
higher than that of fossil diesel, it poses less of a threat in the event of a crash.   
 
 
 
 
1.2 Problem Statement  
 
 
The current energy crisis has beckoned upon us to look towards an energy 
alternative that is feasible and sustainable in the long run. Being a direct solution to 
the current shortage of liquid fuel, biodiesel is one of the most popular alternatives of 
all time. Even so, we need to look towards feedstock that will be suitable for 
Malaysia, as well as sustainable and economical in the long run. This research seeks 
to solve this uncertainty in feedstock sustainable selection, by comparing two of the 
most researched types of biodiesel feedstock on Malaysian shores, namely Refined-
Bleached-Deodorized (RBD) palm oil and waste cooking oil.  
 
 
Waste cooking oil is a cheap feedstock for biodiesel production, making its 
procurement a very economical affair. If it is proven that waste cooking oil is an 
efficient and suitable feedstock for biodiesel production, a systematic collection 
system should be introduced to the members of the public so that they may collect 
and sell their waste cooking oil for biodiesel production. With this, there would be a 
steady supply of waste cooking oil, which is far cheaper than using virgin oil. 
Although the usage of waste cooking oil as a feedstock would require additional 
steps in biodiesel production, such as prefiltration and preheating as well as a 
relatively high catalyst concentration, that may incur additional costs of processing, it 
is argued that the additional costs can be offset by the cheap price of feedstock. It 
would also be an avenue for members of the public to take responsibility and to play 
an active role in combating the energy crisis. 
 
 
Refined-Bleached-Deodorized (RBD) palm oil as a popular feedstock in 
biodiesel research in Malaysia since it is abundant in palm oil and the usage of it is 
suitable for the warm climates. Although the cost of RBD palm oil is significantly 
higher than that of WCO, the amount of catalyst used would be significantly lesser. 
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In addition to this, the procedure for production would also be simpler as RBD palm 
oil would not need to be filtered before transesterification and neither would it need 
preheating. The cost of machinery, processing as well as the energy needed to run an 
RBD stocked biodiesel plant would be significantly lower than that of WCO. Using 
RBD palm oil would benefit Malaysians in terms of relatively low maintenance costs 
due to lesser machinery and simpler processing. The result would be a feasible fuel 
alternative at an affordable price for Malaysians. 
 
 
Ultrasonic transesterification in biodiesel production can reduce processing 
time to 25% of the time needed otherwise. Industrially, along with producing 99% 
yield, it is highly more efficient that conventional agitation that can take up to 12 
hours, reducing this time frame to less than 60 minutes. The amount of catalyst 
required can also be reduced by up to 50% due to the increased chemical activity in 
the cavitations formed due to ulltrasonication. In addition to this, it also extensively 
reduces the amount of excess alcohol required for processing while increasing the 
purity of the glycerin formed. This type of processing, coupled with a comparative 
research of the two said feedstock, would provide a feasible, sustainable, and 
efficient choice of feedstock for biodiesel production. 
 
 
 
 
1.3       Objectives 
 
 
The objective of this research is to determine the best conditions of catalyst 
concentration and reaction time in producing biodiesel that is environmentally 
friendly with high purity of methyl ester from Refined-Bleached-Deodorized (RBD) 
palm oil and waste cooking oil (WCO), using ultrasonic transesterification with 
potassium hydroxide as the catalyst. 
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1.4       Scope of Research 
 
 
To analyze and compare the methyl ester concentration of biodiesel produced 
from both Refined-Bleached-Deodorized (RBD) palm oil and waste cooking oil 
using Gas Chromatography. 
 
 
To study and compare the emission levels of carbon monoxide and carbon 
dioxide upon the combustion of fossil diesel as well as biodiesel produced from both 
RBD palm oil and WCO.  
 
 
The temperature is fixed at 40 degrees Celsius through the whole experiment 
(B.Rice  et.al., 1997). First, reaction time is set at 40 minutes while the catalyst 
concentration is varied at 0.20, 0.5, 0.75, 1.0, and 1.5 wt %. Then the catalyst 
concentration is fixed at the optimum level obtained while the reaction time is varied 
at 20,30,40,50, and 60 minutes. 
 
 
 
 
1.5       Rationale and Significance 
 
 
The rationale of this proposed research project is to provide empirical 
evidence to compare the purity of products of biodiesel production from WCO and 
RBD palm oil. The results of this research would signify the identification of a 
feedstock for biodiesel production that is feasible, sustainable and efficient for 
Malaysia. The identification of this feedstock will be a basis for the production of 
biodiesel on an industrial scale to counter the current global shortage of fuel.  
 
 
The numerous advantages of using Ultrasonic transesterification would bring 
about volumes of significance in the biodiesel production industry. This is due to the 
fact that aside from giving relatively high yield, it would monumentally reduce the 
length of processing time needed for production, and this would go well to supply the 
ever increasing rate of demand  for alternative liquid fuel. With Ultrasonic 
transesterification, the biodiesel production industry in Malaysia would be able to 
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cater to the needs of Malaysians at a faster rate, thereby eliminating the need for any 
dependence on foreign alternative fuel that may arise in the future. Malaysia would 
be able to deal with its own fuel crisis, at an optimal rate using its abundant feedstock 
resources and ultrasonic transesterification.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1       Biodiesel 
 
 
Rudolf Diesel (1858-1913) developed the first engine to run on peanut oil. He 
demonstrated this invention at the World Exhibition in Paris in 1900. A vegetable oil 
powered engine however, was not fully realized in his lifetime. He firmly believed 
that since the diesel engine can be fed with vegetable oils, it would help considerably 
in the development of agriculture of the countries which use it. Although the use of 
vegetable oils for engine fuels seemed insignificant during his day, such oils have 
come to be as important as the petroleum and coal tar products used at that time. 
 
 
The rapid development of the petroleum industry produced a cheap by-
product called diesel fuel that eventually became the source of power to a modified 
diesel engine. As a result, vegetable oil was forgotten as a renewable source of 
power. Diesel engines today are designed to run on fuel that is less viscous than 
vegetable oil. However, times of fuel shortages saw cars and trucks were successfully 
run on biodiesel made from preheated peanut oil and animal fat. The upper rate for 
inclusion of rapeseed oil with diesel fuel is about 25% but crude vegetable oil as a 
diesel fuel extender induces poorer cold-starting performance compared with diesel 
fuel or biodiesel made with fatty esters (McDonnel et al., 1999).   
 
 
 Present day diesel engines have need of a clean-burning, stable fuel that can 
operate under a variety of conditions. Biodiesel as fatty esters was developed as an 
alternative to petroleum diesel due to the fuel shortages of the mid 1970s and further 
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interest spewed forth in the 1990s due the large pollution reduction benefits coming 
from the use of biodiesel.  
 
 
The use of biodiesel is affected by legislation and regulations in all countries 
(Knothe et al., 2002). In the Philippines, the Government directed all of its 
departments to incorporate one percent by volume coconut biodiesel in diesel fuel for 
use in government vehicles. The EU Council of Ministers adopted pan-EU rules for 
the detaxation of biodiesel and biofuels. In the United States, by 1995, 10 percent of 
all federal vehicles were to be using alternative fuels to set an example for the private 
automotive and fuel industries. 
 
 
Biofuel is at the forefront of the array of alternative energy sources that are 
being researched and developed today. Having physical and chemical properties that 
are compatible with its fossil counterpart has placed biodiesel as one of the most 
suitable alternatives to complement today, and perhaps even replace fossil diesel 
tomorrow. Its ability to fuel conventional diesel engines with minimum or no 
modifications, and to form blends with fossil diesel make it the most practical, and 
feasible alternative energy source to invest in.   
 
 
 There are many ways how biodiesel serves to benefit the environment more 
than fossil diesel. One major aspect of life cycle assessments is the potential of global 
warming, expressed as carbon dioxide, CO2 equivalents. CO2 is produced during the 
whole production process of fuels, biological based and fossil based alike. Due to the 
positive energy balance of biodiesel and the fact that biodiesel mainly consists of 
renewable material one could expect a large saving of greenhouse gases compared to 
fossil fuel. Now, while this remains true in the case of CO2, certain parties argue that 
if other greenhouse gases like N2O and CH4 are considered, which have higher 
global warming potential, the advantages of biodiesel are slightly diminished. Even 
so, the relative savings of greenhouse gases for the use of biodiesel over fossil diesel 
is 2.7kg of saved CO2 equivalents for every kg of substituted fossil diesel fuel. Pure 
biodiesel is also completely free of sulfur and, this inadvertently reduces sulfur 
dioxide exhaust from diesel engines to virtually zero. 
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  Biodiesel production and utilization when compared to petroleum diesel, 
produces 78.5% less CO2 emissions. Carbon dioxide is consumed by the annual 
production of crops and then released when vegetable oil based biodiesel is 
combusted. Research conducted in the United States of America has shown that 
biodiesel emissions have decreased levels of all target polycyclic aromatic 
hydrocarbons (PAH) and nitrited PAH compounds, as compared to fossil diesel 
exhaust. Aside from being nontoxic and biodegradable, biodiesel helps in preserving 
and protecting natural resources. For every one unit of energy needed to produce 
biodiesel, 3.24 units of energy are gained.  
 
 
 
 
2.2       Raw Materials 
 
 
 The feedstock for biodiesel include virgin oil, waste vegetable oil and animal 
fat. The type of feedstock that is the most suitable varies from country to country and 
is dependent on an array of factors. These factors encompass the availability of the 
said feedstock, price, its suitability with the local climate and the adherence of the 
final product towards national and international specifications.  
 
 
 Virgin oil feedstock comprises oils such as rapeseed, soybean, field 
pennycress and Jatropha. Rapeseed and soybean are the two types of oils that are 
most commonly used. In fact, soybean oil accounts for ninety percent of all fuel 
stocks in the United States of America. Virgin oils can also be obtained from. Other 
types of virgin oils include mustard, flax, sunflower, palm oil, and hemp.  
 
 
 Waste vegetable oil (WVO) is oil that has been discarded after use. It is also 
known as straight vegetable oil (SVO) or pure plant oil (PPO). The most common 
type used in the UK is rapeseed oil, that is widely known as canola oil, in the United 
States and Canada. It has a freezing point of -10°C. Sunflower oil, on the other hand, 
freezes at -17°C and is currently being investigated on its suitability as a means of 
improving cold weather starting. Oils with lower gelling points tend to be less 
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saturated, causing them to polymerize more easily in the presence of atmospheric 
oxygen. 
 
 
 Animal fats include tallow, lard, yellow grease, chicken fat, and the by-
products of the production of Omega-3 fatty acids from fish oil. Omega-3 fatty acids 
are a family of unsaturated fatty acids that have in common a carbon–carbon double 
bond in the third bond from the methyl end of the fatty acid. 
 
 
 Algae is another type of feedstock which can be produced using waste 
materials such as sewage. This can be done without displacing land that is currently 
allocated for food production. 
 
 
 
 
2.2.1    Waste Cooking Oil (WCO) 
 
 
The use of waste cooking oil (WCO), animal fat and tall oil instead of refined 
vegetable oil will help in improving the economical feasibility of biodiesel. The 
amount of WCO generated in each country varies depending on the use of vegetable 
oil. In the European Union, the potential amount of WCO is estimated at 
approximately 0.7 to 1.0 Mt per year while the United States and Canada produce, on 
average, 9 and 8 pounds of yellow grease respectively, per person. The inexpensive 
and large quantity of WCO from households and restaurants are currently collected 
and used as either animal feed or disposed causing environmental pollution. Thus, 
WCO offers significant potential as an alternative low –cost biodiesel feedstock 
which could decrease dependency on fossil fuel.  
 
 
The production of biodiesel from WCO is challenging due to the presence of 
undesirable components such as free fatty acids (FFAs) and water. Serious 
limitations of formation of undesirable side reactions such as saponification result in 
the usage of homogeneous alkali catalyst for transesterification of such feedstock. 
The problem of product separation substantially lowers ester yield. Acid catalysts 
have the potential to replace alkali catalysts since they do not show significant 
